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gases are either imprisoned or are free to escape. For the earth, 
under favourable circumstances, a velocity of 10*5 km. per sec. 
would be sufficient to carry a molecule beyond gravitational 
control, and this is 6*5 times the “ velocity of mean square ” in 
hydrogen gas at a temperature of - 66° C.; 9*27 times that of 
helium at the same temperature, and 19*66 times that of water 
vapour. Since the two former gases escape and the latter does 
not, it would, seem that the velocity attained by molecules can 
exceed nine times the average velocity, but cannot reach that of 
twenty. Assuming that Venus retains a moisture-laden atmo¬ 
sphere, about which Dr. Stoney seems very positive, this latter 
number can be reduced to eighteen, and thus still closer express 
the actual velocity in terms of that of the “ mean square/’ 
Limiting the inquiry to a temperature of - 66° C., Dr. Stoney 
applies the theory to all members of the solar system with the 
following results. From the moon all gases having a vapour 
density less than 39 will escape with greater promptness than 
helium does from the earth. On Mercury, water cannot exist, 
while nitrogen and oxygen would gradually dribble away. The 
conditions on Venus resemble those on th£ earth, but the case 
of Mars is of exceptional interest. Dr. Stoney says that it is 
legitimate to infer that on this planet water cannot remain. 
The atmosphere he considers to consist mainly of nitrogen, 
argon, and carbon dioxide. He thinks there is no vegetation, as 
we understand the term, on the surface of the planet, and the 
snow, frost, and fog do not arise from the same cause as on the 
earth. Jupiter is able to imprison all gases known to chemists, 
but whether the more distant members of our system can retain 
hydrogen is doubtful. Helium and the denser gases probably 
float in their atmospheres, but the molecules of the lighter gases 
are describing orbits about the sun, the velocity they can acquire 
enabling them to escape from planetary control, but still 
insufficient to liberate them from the gravitational influence of 
the sun. 


THE DENSITIES OF CERTAIN GASES} 

'"PHE observations here recorded were carried out by the 
method and ‘with the apparatus described in a former 
paper, 2 to which reference may be made for details. It must 
suffice to say that the globe containing the gas to be weighed 
was filled at o' 3 C., and to a pressure determined by a mano- 
metric gauge. This pressure, nearly atmospheric, is slightly 
variable with temperature on account of the expansion of the 
mercury and iron involved. The actually observed weights are 
corrected so as to correspond with a temperature of 15° C. of 
the gauge, as well as for the errors in the platinum and brass 
weights employed. In the present, as well as in the former, 
experiments I have been ably assisted by Mr. George Gordon. 

Carbonic Oxide. 

This gas was prepared by three methods. In the first method 
a flask, sealed to the rest of the apparatus, was charged with 80 
grams recrystallised ferroeyanide of potassium and 360 c.c. 
strong sulphuric acid. The generation of gas could be started 
by the application of heat, and with care it could be checked 
and finally stopped by the removal of ihe dame with subsequent 
application, if necessary, of wet cotton wool to the exterior of 
the flask. In this way one charge could be utilised with great 
advantage for several fillings. On leaving the flask the gas was 
passed through a bubble containing potash solution (convenient 
as allowing the rate of production to be more easily estimated), 
and thence through tubes charged with fragments of potash and 
phosphoric anhydride, all connected by sealing. When possible, 
the weight of the globe full was compared with the mean of the 
preceding and following weights empty. Four experiments 
were made with results agreeing to within a few tenths of a 
milligram. 

In the second set of experiments the flask was charged with 
too grams of oxalic acid and 500 c.c. strong sulphuric acid. To 
absorb the large quantity of C 0 2 simultaneously evolved a 
plentiful supply of alkali was required. A wash-bottle and a 
long nearly horizontal tube contained strong alkaline solution, 
and these were followed by the tubes containing solid potash 
and phosphoric anhydride as before. 

1 “On the Densities of Carbonic Oxide, Carbonic Anhydride, and 
Nitrous Oxide.” By Lord Rayleigh, F.R.S. (Read at the Royal Society, 
December 9, 1897.) 

2 “ On the Densities of the Principal Gases,” Roy. Soc. Proc., vol. liii. 
p. 134, 1893. 
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For the experiments of the third set oxalic acid was replaced 
by formic , which is more convenient as not entailing the absorp¬ 
tion of large volumes of C 0 2 . In this case the charge consisted 
of 50 grams formate of soda, 300 c.c. strong sulphuric acid, and 
150 c.c. distilled water. The water is necessary in order to 
prevent action in the cold, and the amount requires to be some¬ 
what carefully adjusted. As purifiers, the long horizontal 
bubbler was retained and the tubes charged with solid potash 
and phosphoric anhydride. In this set there were four con¬ 
cordant experiments. The immediate results stand thus :— 


Carbonic Oxide. 
From ferroeyanide 
,, oxalic acid ... 

,, formate of soda ... 


2-29843 

2-29852 

2-29854 


Mean. ... ... 2*29850 


This corresponds to the number 2*62704 for oxygen (loc. cil ., 
p. 144), and is subject to a correction (additive) of 0*00056 for 
the diminution of the external volume of the globe when 
exhausted. 

The ratio of the densities of carbonic oxide and oxygen is 
thus 2*29906 : 2*62760 ; so that if the density of oxygen be taken 
as 32, that of carbonic oxide will be 27*9989. If, as some pre¬ 
liminary experiments by Dr. Scott { Camb . Phil . Proc. , vol. ix. 
p. 144, 1896) indicate, equal volumes may be taken as accurately 
representative of CO and of O a , the atomic weight of carbon will 
be 11 9989 on the scale of oxygen = 16. 

The very close agreement between the weights of carbonic 
oxide prepared in three different ways is some guarantee against 
the presence of an impurity of widely differing density. On the 
other hand, some careful experiments led Mr. T. W. Richards 
{Amer. Acad. Proc , vol. xviii. p. 279, 1891) to the conclusion 
that carbonic oxide is liable to contain considerable quantities of 
hydrogen or of hydrocarbons. From 5J litres of carbonic oxide 
passed over hot cupric oxide he collected no less than 25 milli¬ 
grams of water, and the evidence appeared to prove that the 
hydrogen was really derived from the carbonic oxide. Such a 
proportion of hydrogen would entail a deficiency in the weight 
of the globe of about 1 1 milligrams, and seems improbable in 
view of the good agreement of the numbers recorded. The 
presence of so much hydrogen in carbonic oxide is also difficult 
to reconcile with the well-known experiments of Prof. Dixon, 
who found that prolonged treatment with phosphoric anhydride 
was required in order to render the mixture of carbonic oxide and 
oxygen inexplosive. In the presence of relatively large quantities 
of free hydrogen (or hydrocarbons) why should traces of water 
vapour be so important ? 

In an experiment by Dr. Scott ( Chem . Soc. Trans., 1897, p. 
564), 4 litres of carbon monoxide gave only 1*3 milligrams to the 
drying tube after oxidation. 

I have myself made several trials of the same sort with gas 
prepared from formate of soda exactly as for weighing. The 
results were not sp concordant as I had hoped, 1 but the amount 
of water collected was even less than that given by Dr. Scott. 
Indeed, I do not regard as proved the presence of hydrogen at 
all in the gas that I have employed. 2 


Carbonic Anhydride. 

This gas was prepared from hydrochloric acid and marble, and 
after passing a bubbler charged with a solution of carbonate of 
soda, was dried by phosphoric anhydride. Previous to use, the 
acid was caused to boil for some time by the passage of hydro¬ 
chloric acid vapour from a flask containing another charge of the 
acid. In a second set of experiments the marble was replaced by 
a solution of carbonate of soda. There is no appreciable 
difference between the results obtained in the two ways ; and the 
mean, corrected for/he errors of weights and for the shrinkage 
of the globe when exhausted, is 3*6349, corresponding to 2*6276 
for oxygen. The temperature at which the globe was charged 
was o° C., and the actual pressure that of the manometric gauge 
at about 20°, reduction being made to 15 0 by the use of Boyle’s 
law. From the former paper it appears that the actual height of 
the mercury column at I5°.is 762*511 mm. 

1 One obstacle was the difficulty of re-oxidising the copper reduced by 
carbonic oxide. I have never encountered this difficulty after reduction by 
hydrogen. 

2 In Mr. Richards’ work the gas in an imperfectly dried condition was 
treated with ho t platinum black. Is it possible that the hydrogen was intro¬ 
duced at this stage ? 
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Nitrous Oxide . 

In preliminary experiments the gas was prepared in the 
laboratory, at as low a temperature as possible, from nitrate of 
ammonia, or was drawn from the iron bottles in which it is com¬ 
mercially supplied. The purification was by passage over potash 
and phosphoric anhydride. Unless special precautions are 
taken the gas so obtained is ten or more milligrams too light, 
presumably from admixture with nitrogen. In the case of the 
commercial supply, a better result is obtained by placing the 
bottles in an inverted position so as to draw from the liquid 
rather than from the gaseous portion. 

Higher and more consistent results were arrived at from gas 
which had been specially treated. In consequence of the high 
relative solubility of nitrous oxide in water, the gas held in solu¬ 
tion after prolonged agitation of the liquid with impure gas from 
any supply, will contain a much diminished proportion of 
nitrogen. To carry out this method on the scale required, a 
large (11-litre) flask was mounted on an apparatus in connection 
with the lathe so that it could be vigorously shaken. After the 
dissolved air had been sufficiently expelled by preliminary 
passage of N 2 0 , the water was cooled to near o° C. and violently 
shaken for a considerable time while the gas was passing in 
large excess. The nitrous oxide thus purified was expelled 
from solution by heat, and was used to fill the globe in the 
usual manner. 

For comparison with the results so obtained, gas purified in 
another manner was also examined. A small iron bottle, fully ; 
charged with the commercial material, was cooled in salt and 
ice and allowed somewhat suddenly to blow off half its contents. 
The residue drawn from the bottle in one or other position was 
employed for the weighings. 

Nitrous Oxide (1896}. 

Aug. 15 Expelled from water ... ... ... ... 3*6359 

» r 7 .... . 3‘6354 

,, 19 From residue after blow off, valve downwards 3*6364 

>> 21 ,, ,, valve upwards... 3*6358 

22 ,, „ valve downwards 3*6360 


Mean ... ... ... ... 3*6359 

The mean value may be taken to represent the corrected weight 
of the gas which fills the globe at o° C. and at the pressure of 
the gauge (at 15 0 ), corresponding to 2*6276 for oxygen. 

One of the objects which I had in view in determining the 
density of nitrous oxide was to obtain, if it were possible, 
evidence as to the atomic weight of nitrogen. It may be re¬ 
membered that observations upon the density of pure nitrogen, 
as distinguished from the atmospheric mixture containing argon 
which, until recently, had been confounded with pure nitrogen, 
led 1 to the conclusion that the densities of oxygen and nitrogen 
were as 16 :14*003, thus suggesting that the atomic weight 
of nitrogen might really be 14 in place of 14*05, as generally 
received. The chemical evidence upon which the latter number 
rests is very indirect, and it appeared that a direct comparison 
of the weight of nitrous oxide and of its contained nitrogen 
might be of value. A suitable vessel would be filled, under 
known conditions, with the nitrous oxide, which would then 
be submitted to the action of a spiral of copper or iron wire 
rendered incandescent by an electric current. When all the 
oxygen was removed, the residual nitrogen would be measured, 
from which the ratio of equivalents could readily be deduced. 
The fact that the residual nitrogen would possess nearly the 
same volume as the nitrous oxide from which it w 7 as derived 
would present certain experimental advantages. If, indeed, 
the atomic weights were really as 14: 16, the ratio (x) of 
volumes, after and before operations, would be given by 
2*2996 x x _ 14 
3*6359 - 2*2996 X ^ ~~ IP 

whence x — 7 ... x 3 ^359 _ i* 0 o6r, 

11 x 2*2996 

3*6359 and 2*2996 being the relative weights of nitrous oxide 
and of nitrogen which (at o° C. and at the pressure of the 
gauge) occupy the same volume. The integral numbers for the 
atomic weights would thus correspond to an expansion, after 
chemical reduction, of about one-half per cent. 

But in^ practical operation the method lost most of its ap¬ 
parent simplicity. It was found that copper became un- 

1 Rayleigh and Ramsay, Phil . Trans., vol. clxxxvi. p. 190, 3895. 
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manageable at a temperature sufficiently high for the purpose, 
and recourse was had to iron. Coils of iron suitably prepared 
and supported could be adequately heated by the current from 
a dynamo without twisting hopelessly out of shape ; but the use 
of iron leads to fresh difficulties. The emission of carbonic 
oxide from the iron heated in vacuum continues for a very long 
time, and the attempt to get rid of this gas by preliminary 
treatment had to be abandoned. By final addition of a small 
quantity of oxygen (obtained by heating some permanganate 
of potash sealed up in one of the leading tubes) the CO could 
be oxidised to CO a , and thus, along with any II 2 0 , be absorbed 
by a lump of potash placed beforehand in the working vessel. 
To get rid of superfluous oxygen, a coil of incandescent copper 
had then to be invoked, and thus the apparatus became rather 
complicated. 

It is believed that the difficulties thus far mentioned were 
overcome, but nevertheless a satisfactory concordance in the 
final numbers was not attained. In the present position of the 
question no results are of value which do not discriminate with 
certainty between 14*05 and 14*00. The obstacle appeared to 
lie in a tendency of the nitrogen to pass to higher degrees of 
oxidation. On more than one occasion, mercury (which formed 
the movable boundary of an overflow chamber) was observed to 
be attacked. Under these circumstances I do not think it 
worth while to enter into further detail regarding the 
experiments in question. 

The following summary gives the densities of the various 
gases relatively to air, all obtained by the same apparatus. 1 The 


figure is of little significance. 


Air free from H 2 0 and C 0 2 

1 ■ 00000 

Oxygen 

1-10535 

Nitrogen and argon (atmospheric) 

0-97209 

Nitrogen 

096737 

Argon 

137752 

Carbonic oxide 

0-96716 

Carbonic anhydride 

1-52909 

Nitrous oxide 

1-52951 


The value obtained for hydrogen upon the same scale was 
0*06960; but the researches of M. Leduc and of Prof. Morley 
appear to show that this number is a little too high. 


THE NORTH AM PEBBLE RIDGE. 

'T'HE pebble ridge at Northam is one of the most remarkable 

x examples of littoral drift to be found anywhere round the 
coast of this country. 

It is thus graphically described by Charles Kingsley in 
if Westward Ho ! ” :—“ On this pebble ridge the surges of the 
bay have defeated their own fury by rolling up in the course of 
ages a rampart of grey boulder stones, some two miles long, as 
cunningly curved and smoothed and fitted as if the work had 
been done by human hands, which protect from the high tides 
of spring and autumn affertile sheet of smooth alluvial turf. . . . 
It was dead calm and yet the air was full of sound—a lovv deep 
roar which hovered over downs and broad, salt marsh and river, 
like the roll of a thousand wheels, the tramp of endless armies, 
or—what it was—the thunder of a mighty surge upon the 
boulders of the pebble ridge. . . . The spirit of the Atlantic 
storm had sent forward the token of his coming in the smooth 
ground swell which was heard inland two miles away. To¬ 
morrow the pebbles, which were now rattling down with each 
retreating wave, might be leaping to the ridge top and hurled 
like round shot far ashore upon the marsh by the force of the 
advancing wave fleeing before the wrath of the western hurri¬ 
cane..*' 5 

The particulars contained in the following description of this 
ridge have been obtained during a recent inspection of this part 
of the coast of North Devon, and from information obtained 
from the coastguard and others living in the locality. 

The boulders which compose the ridge have been derived 
from the cliffs which surmount the shore of Barnstaple Bay, 
from Hartland Point to Westward Ho, a distance along the 
coast of about thirteen miles. These cliffs rise to a height of 
350 feet above the level of the sea between Hartland Point and 
Clovelly, the height then gradually diminishing towards West¬ 
ward Ho, where they terminate. They are composed principally 

1 Roy. Soc. Proc vol. liii. p. 148, 1893 ;■ vol. lv. p. 340, 1894; Phi'/ 
Trans., vol. clxxxvi. p. 189, 1895; Roy. Soc . Proc., vol. fix. p. 201, 1896. 
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